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Description | Nowadays the European Commission is emphasizing the importance of renewable

energies for environmental and geopolitical reasons. Share targets in the European mix
have been set at 42.5% for 2030. However, the fluctuating production of renewable
energy sources increased the need for grid flexibility, increasing the scientific interest
for electricity storage. In 2020, approximately 189 GW of energy storage capacity was
installed worldwide. However, this figure remains far below what is required to meet
environmental targets. According to the International Energy Agency (IEA), achieving
the Net Zero Scenario will require the deployment of around 1500 GW of grid-scale
battery storage by 2030.

Most of today’s installed energy storage capacity consists of hydro-pumped storage and
chemical batteries. However, the former is highly dependent on geographical conditions,
while the latter relies on scarce raw materials. Carnot Battery is an emerging electrical
storage technology that stores electricity in the form of heat. Despite a lower efficiency,
it does not have the limitations of the previously mentioned technologies.

To provide grid balancing services, the dynamics of the system (especially start-up
times) are extremely important. A Carnot Battery employing a transcritical CO: heat
pump and a transcritical CO:. Rankine cycle is considered, as the high operating
pressures in these systems enable more compact designs and, consequently, greater
reactivity. However, the dynamic behaviour of such systems has not yet been described
in detail. A critical step in dynamic modelling is the development of a suitable control
strategy, as it strongly influences both system efficiency and responsiveness.

In this context, a transcritical Carnot Battery system has been designed. One possible
architecture is illustrated in the figure below. Component and part-load modelling of this
system is currently being carried out, and the next step is to define the control
architecture that would provide the greatest benefit to the system.

This study sets out the following objectives for the different architectures:

e Literature review of control strategies applied to Carnot Battery and CO2
thermal systems.

e Identification the potential/relevant control loops (i.e., manipulated elements and
sensor signals).

e Define which boundary conditions could impact the system performance and
assess their impact.

e Define optimal setpoint maps for the system’s control based on the previously
identified boundary conditions
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e Define a start-up and shutdown procedure/sequence of events.

Based on the insights gained from the state-of-the-art review and the analysis carried out,
provide recommendations regarding the number of controllers and actuators required to

achieve optimal system reactivity.
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